ハッテン ホウテイシキ ノ ヘイコウテン ノ スウチ ケンショウ ノ リキガクケイテキ アプローチ カガク ギジュツ ケイサン アルゴリズム ノ スウリテキ キバン ト テンカイ by 松江, 要
Title発展方程式の平衡点の数値検証の力学系的アプローチ(科学技術計算アルゴリズムの数理的基盤と展開)
Author(s)松江, 要




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Dynamical approach in rigorous veriflcation of equilibria for
evolutionary equations
* (Kaname Matsue)





















$u_{tt}-\alpha\triangle u_{t}-\triangle u=f(’\iota 1,u_{t})$, (1)









$\alpha>0$ $u(t, x)$ :
$v_{\ell\ell}+\alpha Au_{\ell}+Au=f(u)$ $on$ $\{t>0\}\cross\Omega$ (2)
:
$u(t, \cdot)=u(t, \cdot)=0$ $on$ $\partial\Omega$ , (3)
$\alpha$ $Au=-\Delta u,$ $\Delta$ $f$ $\Omega\subset \mathbb{R}^{n},$ $n=1,2$
$\Omega$ .
$A$ $X$ $f$
$t,$ $\nabla u,$ $\Delta u,$ $u_{\ell}$
$u$
(2) :
$\{\begin{array}{l}u_{t}=v, or \dot{U}=Bu+F’(l/)v_{t}=-\alpha Av-Au+f(u)\end{array}$ (4)





$(\begin{array}{l}\phi_{t}\psi_{t}\end{array})=(\begin{array}{ll}-\gamma\delta^{-1} \overline{\delta}^{-1}(-\gamma^{2}\delta^{-l})+(\alpha_{2}\gamma-\delta)A \gamma\delta^{-1}-\alpha A\end{array})(\begin{array}{l}\phil_{f}’.’\end{array})+(\begin{array}{l}0\delta f(\psi)\end{array})$. (6)










$f \in C^{2}(\mathbb{R},\mathbb{R})_{)}\varlimsup_{|u|arrow\infty}\frac{f(u)}{?1}\leq 0$ $f(0)=0$
22([7]). (4) $B_{\alpha}$ $C$ $\{e^{-B_{o}\ell}\}_{t\geq 0}$
23([7]). (4) $X^{\beta}\cross X^{\sigma},$ $0\leq\sigma\leq\beta<1$ serniflow $\{T(t)\}_{t\geq 0}$
$X^{r},$ $0\leq r<1$ $A$ $r$ $D(A^{r})$ [4]






Banach $B$ $A$ $X^{\beta}\cross X^{\sigma}$
$X$ $X^{1/2}\cross X^{1/2}$















3.1. $X$ $\gamma$ $X$ :
1. $A\subset X$ $\gamma(A)=0\Leftrightarrow A$
2. $\gamma(A\cup B)=\max\{\gamma(A), \gamma(B)\}$ .
3. $\gamma(A+B)\leq\gamma(A)+\gamma(B)$ ,
$A+B=\{a+b|a\in A, b\in B\}$ Kuratowski
$\alpha$ :
$\alpha(A):=\inf$ { $d|A$ $d$ }.
32. $\beta$ $X$ $\{T(t)\}_{t\geq 0}$ $\beta$-
$k$ : $\mathbb{R}\geq 0arrow \mathbb{R}\geq 0$ $tarrow\infty$ $k(t)arrow 0$ , $t>0$ $B\subset X$ $\{T(\llcorner s)B|0\leq s\leq t\}$
$\beta(T(t)B)\leq k(t)\beta(B)$ $\{T(t)\}_{t\geq 0}$ $\beta$-




$N$ $X$ $\pi$ $X$ semiflow $N$ $(\pi$
) :. $\{x_{n}\}\subset X$ $\{t_{n}\}\subset \mathbb{R}^{+}$ 2 $narrow\infty$ $t_{n}arrow\infty$ $n\in N$
$x_{n}\pi[0, t_{n}]\subset N$ $\{x_{n}\pi t_{n}|n\in N\}$
3.3. Rybakowski [17] $\text{ _{}\pi}$- (admissible)
34([3]). $\{T(t)\}_{\ell\geq 0}$ Banach $X$ $C^{0}$ - :
$T(t)x=S(t)x+ \int_{0}^{t}S(t-s)BT(s)xds$ (8)
$t\geq 0$ $x\in X$ $S(t)$ $C^{0}$ - $B$ $X$ $X$
$B$ (9)
$S(t)=S_{1}(t)+S_{2}(t)$ $t\geq 0$ (10)
$S_{1}(t),$ $S_{2}(t)$ $X$ $X$ $c$ : $\mathbb{R}_{-0}’arrow \mathbb{R}_{\geq 0},1i_{l}n_{tarrow\infty}c(t)=0$
$t\geq 0$ $|S_{1}(t)|\leq c(t)$ $S_{2}(t)$ $t$




3.5. $\{$ 1 $(t)\}_{t\underline{\nearrow}0}$ Banach $X$ $C^{0}$ -
$\alpha(’1^{}(t)):=\inf\{k|\alpha(’1’(t)B)\leq k\alpha(B)|B\subset X$ $\}$ ,
$\alpha$ Kuratowski $\{$ 1 $(t)\}_{t\geq 0}$ $tarrow\infty$
$\alpha(T(t))arrow 0$ $\alpha$-
$\{T(t)\}_{t\geq 0}$ $\alpha$ $n$ $\beta>0$ $\alpha(T(r?))=e^{-\beta_{?}\prime}<1$
$t>0$ $p$ $0<t-t?p<’\tau$
$k$ $:= \sup\{|’1’(t)||0\leq t\leq n\}$
$\alpha(’1^{\xi}(t))=\alpha(’1’(t-np)’1^{p}(n))\leq k\alpha(’1^{\uparrow p}(n))$
$\leq ke^{-\beta pn}=ke^{\beta(t-pn)}e^{-\beta t}\leq ke^{\beta n}e^{-\beta t}$
$c(t):=ke^{\beta n}e^{-\beta t}$ $tarrow\infty$ $c(t)$ $0$
3.4 $C^{0}$- $T(t)$ (10) $\alpha$-
$\alpha$- Conley-Rybakowski




$X$ local semiflow $\pi$. $\pi$ : $Darrow X$ $D$ $[0, \infty)\cross X$ $(\pi(t,$ $x)$ $x\pi t$ $)$. $x\in X$ $\omega_{x},$ $0<\omega_{x}\leq\infty$ $(t, x)\in D$ $0\leq t<\omega_{x}$. $x\in X$ $x\pi 0=x$ .. $(t, x)\in D$ $(s, x\pi t)\in D$ $(t+s, x)\in D$ $x\pi(t+s)=(x\pi t)\pi s$
37. $Y$ $X$ }’
Inv $(Y):=\{x\in X|x$ $\sigma$ : $(-\infty,$ $\omega_{x}]arrow X$ $\sigma(-\infty,$ $\omega_{x}]\subset\}’$ }.
38. $K$ $K$ ( :) $U$ $K$ $U$




39. $N$. $x\in\partial N$ $\epsilon_{x}>0$ $x$ $\sigma$ $x\pi t\not\in N$ $\sigma(-t)\not\in\partial N$ $t\in(0, \epsilon_{x})$
$(x\in\Lambda^{\prime-})$
. $x\in\partial N$ $\epsilon_{x}>0$ $x$ $\sigma$ $\sigma(-t)\not\in N$ $x\pi t\in i\uparrow?t(N)$ $t\in(0$ , $\epsilon$
$(x\in N^{i})$
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. $N$ $\partial N=N^{-}\cup N^{i}$ $N^{-}$ $\partial N$
3. 10. $B$ $K$ $(B, B^{-})$ $K$ $B$ ‘index pair”
index pair $|17]$
3.11. $\pi$ semiflow, $!\iota’$ $\pi$ - $\pi$ $N$
$N$ $K$ index pair $(\Lambda^{r_{1}}, A_{2}^{r})$ ( pair
). Conley-Rybakowski (CR)
$CH_{*}(K, \pi):=H_{*}(N_{1}/N_{2}, [N_{2}])$ ,
index pair




$\tilde{L}=(\begin{array}{ll}0 I-A+Df(\overline{v}) -\alpha A\end{array})$
$-A+Df(\overline{u})$
41














$\mathbb{C}$ ([3]) . $\overline{u}$ $\tilde{L}$
$\overline{L}$ :
$L^{-1}=-(\begin{array}{ll}-\alpha A -I-A+Df(\overline{u}) 0\end{array})(A-Df(\overline{u}))^{-1}$ .












45. . $A$ ([4]). $f$ $D(A^{1/2})$ $X$.
$(\begin{array}{l}u_{t}v_{t}\end{array})=(\begin{array}{ll}0 I-A -(1A\end{array})(\begin{array}{l}uv\end{array})+(\begin{array}{l}0f(u)\end{array})$
semiflow $\pi$. $N$ $\pi$ $u\in N$ $Df(u)$. $\pi$ $\mathbb{R}$- $V$
$V(x\pi t)\leq V(x),$ $\forall x$ , t $\in \mathbb{R}$( )
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46. 4.5
$L_{t},$ $:=(\begin{array}{ll}0 I-A+Df(v) -\alpha A\end{array})$
$v\in N$ $’??\in$ NU $\{0\}$ IIIV $(N)$ $CR$
$CH_{n}$ (Inv $(N)$ ) $\cong\{\begin{array}{l}R t?=m0 n\neq m\end{array}$





$\pi$ (4) Hilbert $\tilde{X}=X^{1/2}\cross X^{1/2}$
semiflow, $X_{h}$ $\tilde{X}$ $P(=P_{h}\cross P_{h})$ : $\tilde{X}arrow\tilde{X}$ $X_{h}$ $N=N_{1}\cross N_{2}$
$N_{1}\subset X_{h}=P\tilde{X},$ $N_{2}\subset Q\tilde{X}$ $\tilde{X}$ $X_{h}$
( ) . $\pi_{1,u_{2}}$ (4)
$(\begin{array}{l}((P_{h}\phi)_{t)}P_{h}\overline{\phi})P_{h}\overline{\psi})((P_{h}\psi)_{t}\end{array})=(2^{-\gamma\delta^{-1}}$ $\gamma\delta^{-1}\alpha_{1}\delta^{-}(\begin{array}{l}(P_{h}\phi,P_{h}\overline{\phi})(P_{h}\psi,P_{h}\overline{\psi})\end{array})$
$+(\begin{array}{ll}0 0\alpha_{2}\gamma-\delta -\alpha_{2}\end{array})(\begin{array}{l}(A^{1/2}P_{h}\phi,A^{1/2}P_{h}\overline{\phi})(A^{1/2}P_{h}\psi,A^{1/2}P_{h}\overline{\psi})\end{array})+(\begin{array}{l}0\delta(P_{h}f(P_{h}\phi+u_{2}),P_{h}\overline{\psi})\end{array}),\forall\overline{\phi},$ $\psi^{-}\in X^{1/2}$
flow $\prime u=u_{1}+\uparrow r_{2},$ $u_{i}\in Ni$ $u_{2}$
$N_{2}$ :
$N_{2}=\{u_{2}\in Q\tilde{X}|(\Vert A^{1/2}Qu_{2,1}\Vert_{L^{2}}^{2}+(Ch)^{-2}\Vert Qu_{2,2}\Vert_{L^{2}}^{2})^{1/2}\leq M\},$ $1\downarrow I>0$ .
$N_{2}$ Aubin-Nitsche
$\Vert(I-P_{h})u\Vert_{L^{2}}\leq Ch\Vert\nabla u\Vert_{L^{2}}$
$u\in H^{2}(\Omega)\cap H_{0}^{1}(\Omega)$ $u$







5.1. ( ) $\Vert A^{1/2}Qu_{2,1}\Vert_{L^{2}}^{2}+(Ch)^{-2}\Vert Qu_{2,2}\Vert_{L^{2}}^{2}=\Lambda 1^{2}$ $u\in A^{f}$
$\frac{d}{dt}(\Vert A^{1/2}Qu_{2,1}\Vert_{L^{2}}^{2}+(Ch)^{-2}\Vert Qu_{2,2}\Vert_{L^{2}}^{2})<0$. (11)
(a) $1\subset N_{1}$ $\pi_{1,u_{2}}(u_{2}\in N_{2})$ $1\cross N_{2}\subset N$ $\pi$
(b) Inv $(N)$ $\pi$ CR Inv $(N_{1})$ $\pi_{1,u_{2}}(u_{2}\in N_{2})$ CR
5.2. Semiflow $\pi_{1,u_{2}}(u_{2}\in N_{2})$ $B_{1}\subset N_{1}$ (11) $CH_{*}$ (Inv $(B_{1}),$ $\pi_{1,u_{2}}$ ) $\neq$
$0$ $u_{2}\in N_{2}$ $\pi$ $N$
$m\in N\cup\{0\}$ Inv$(B_{1}, \pi_{1,u_{2}})$ CR
$CH_{*}$ (Inv $(B_{1}),$ $\pi_{1,u_{2}}$ ) $\cong\{\begin{array}{l}R n=\uparrow n0 n\neq r?\tau\end{array}$
) $\pi$ $N$
51 Nussbaum






$+((\alpha\gamma-\delta)A^{1/2}\phi, A^{1/2}Q_{h}\psi)+(\gamma\delta^{-1}Q_{h}\psi, Q_{h}\psi)-(\alpha A^{1/2}Q_{h}\psi, A^{1/2}Q_{h}\psi)+\delta(Q_{h}f(\phi), Q_{h}\psi)$
$=-\gamma\delta^{-1}\Vert A^{1/2}Q_{h}\phi\Vert_{0}^{2}+(\delta^{-1}A^{1/2}Q_{h}\psi, A^{1/2}Q_{h}\phi)+(-\gamma^{2}\delta^{-1}Q_{h}\phi_{)}Q_{h}\psi)$






$+\gamma\delta^{-1}\Vert Q_{h}\psi\Vert_{0}^{2}-\alpha\Vert A^{1/2}Q_{h}\psi\Vert_{0}^{2}+\Vert Q_{h}f(\phi)\Vert_{0}\Vert Q_{h}\psi\Vert_{0}$
$\leq-\gamma\delta^{-1}\Vert A^{1/2}Q_{h}\phi\Vert_{0}^{2}+(-\gamma^{2}\delta^{-1}Q_{h}\phi, Q_{h}\psi)$
$+ \gamma\delta^{-1}\Vert Q_{h}\psi)\Vert_{0}^{2}-\frac{\alpha}{(Ch)^{2}}\Vert Q_{h}\psi\Vert_{0}^{2}+\Vert Q_{h}f(\phi)\Vert_{0}\Vert Q_{h}\psi’\Vert_{0}$ .








$\leq-\frac{\alpha}{2(Ch)^{2}}(\Vert A^{1/2}Q_{h}\phi\Vert_{0}^{2}+\Vert Q_{h}\psi’\Vert_{0}^{2})+(-\gamma^{2}\delta^{-1}Q_{h}\phi, Q_{h}\psi’)$
$+\delta\Vert Q_{h}f(\phi)\Vert_{0}\Vert Q_{h}\psi\Vert_{0}$
$\leq-\frac{\alpha}{2(Ch)^{2}}(\Vert A^{1/2}Q_{h}\phi\Vert_{0}^{2}+\Vert Q_{h}\psi)\Vert_{0}^{2})+Ch|\gamma^{2}\delta^{-1}|\Vert A^{1/2}Q_{h}\phi\Vert_{0}\Vert Q_{h}\psi\Vert_{0}$
$+\delta\Vert Q_{h}f(\phi)\Vert_{0}\Vert Q_{h}\psi\Vert_{0}$








$\leq-\frac{\alpha}{2(Ch)^{2}}(\Vert A^{1/2}Q_{h}\phi\Vert_{0}^{2}+\Vert Q_{h}\psi\Vert_{0}^{2})+\frac{\alpha^{2}}{4(Ch)^{2}\sqrt{2(Ch)^{2}-\alpha^{2}}}(\Vert A^{1/2}Q_{h}\phi||^{2}0+\Vert Q_{h}\psi\Vert_{0}^{2})$
$+\delta\Vert Q_{h}f(\phi)\Vert_{0}\Vert Q_{h}\psi\Vert_{0}$
$\leq-\frac{\alpha}{2(Ch)^{2}}(1-\frac{\alpha}{4\sqrt{2(Ch)^{2}-\alpha^{2}}})(\Vert A^{1/2}Q_{h}\phi\Vert_{0}^{2}+\Vert Q_{h}\psi\Vert_{0}^{2})+\delta\Vert Q_{h}f(\phi)\Vert_{0}\Vert Q_{h}\psi\Vert_{0}$
$\leq-\frac{\alpha}{2(Ch)^{2}}(1-\frac{\alpha}{4\sqrt{2(Ch)^{2}-\alpha^{2}}})M^{2}+\delta\Vert Q_{h}f(\phi)\Vert_{0}ilI<0$.
5.3. (6)
$\gamma_{*}\frac{(Ch)^{2}}{\alpha}\sup_{[\phi,\backslash \cdot J\in N}\Vert Q_{h}f(\phi)\Vert_{0}<M$.
$\gamma_{*}=2(1-\frac{\alpha}{4\sqrt{2(Ch)^{2}-\alpha^{2}}})^{-1}|\delta|$
$C,$ $h$ $\alpha$ (13)
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$C,$ $h$ $\alpha$ $\alpha^{2}>2(Ch)^{2}$
5.5. . $\alpha^{2}>2(Ch)^{2}$
. $\phi$ $\psi$





$+(\begin{array}{ll}0 0\alpha_{2}\gamma-\delta -\alpha_{2}\end{array})(\begin{array}{l}(A^{1/2}\psi,A^{1/2}\overline{\phi})(A^{1/2}\psi,A^{1}/2_{\psi^{\overline{\prime}},)}\end{array})+(\begin{array}{l}0\delta(f(\phi),\overline{\psi})\end{array}),\forall\phi^{-},$ $?t^{1}\in X^{1/2}$ .
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$(\begin{array}{l}00\end{array})=(2^{-\gamma\delta^{-1}}$ $\gamma\delta^{-1}\alpha_{1}\delta^{-}(\begin{array}{l}(\phi_{h}^{*},\overline{\phi}_{h})(\psi_{h}^{*},\overline{\psi}_{h})\end{array})$




$(\begin{array}{ll}(\tilde{\phi}_{t)} \overline{\phi})(\tilde{\psi}_{t},\overline{\psi}) \end{array})=(\begin{array}{ll}-\gamma\delta^{-1} \delta^{-1}-\gamma^{2}\delta^{-1}+\alpha_{1}\gamma \gamma\delta^{-1}-\alpha_{1}\end{array})(\begin{array}{l}(\tilde{\phi},\overline{\phi})(\tilde{\psi},\psi^{-})\end{array})$
$+(\begin{array}{ll}0 0\alpha_{2}\gamma-\delta -\alpha_{2}\end{array})(\begin{array}{ll}(A^{1/2}\tilde{\phi} A^{1/2}\overline{\phi})(A^{1/2}\tilde{\psi} A^{1/2}\psi^{-})\end{array})+(\begin{array}{ll} 0\delta(f(\phi)- f(\phi_{h}^{*}),\overline{\psi})\end{array}),\forall\overline{\phi},$ $\psi^{-}\in X^{1/2}$ .
$P_{h}\tilde{\phi}$ $P_{h}\tilde{\psi}$ ( $P=P_{h}\cross P_{h}$ $X_{h}$ ) $\tilde{\phi}$ $\tilde{\psi}$
$\tilde{\phi}=$
$\ovalbox{\tt\small REJECT} n\emptyset;\varphi;+Q_{h}\tilde{\phi})t_{(!\prime=\sum\psi_{i\varphi;}}^{\sim}n+Q_{h}\tilde{\psi}(\varphi_{i},$ $i=1,$ $\ldots,$ $\eta$ , $S_{h}$ $Q_{h}=1-P_{h})$
$i=1$ $i=1$
$n=dimS_{h}(\dim X_{h}=2n)$ $\phi_{i},$ $\psi_{i}\in \mathbb{R},$ $i=1,$ $\ldots,$ $’$? $\tilde{\phi}_{h}=\sum_{i=1}^{1}\phi_{i\varphi_{i}}$
$\tilde{\psi}_{h}=\sum_{\mathfrak{i}=1}^{n}\psi_{i\varphi_{i}}$
$(_{(\tilde{\psi}_{\ell},\varphi_{i})}^{(\tilde{\phi}_{t},\varphi_{i})})=(\begin{array}{ll}-\gamma\overline{\delta}^{-1} \delta^{-1}-\gamma^{2}\delta^{-1}+\alpha_{1} \gamma\gamma\delta^{-1}-\alpha_{1}\end{array})(\begin{array}{l}(\tilde{\phi},\varphi_{i})(\tilde{\psi},\varphi_{i})\end{array})$
$+(\begin{array}{ll}0 0\alpha_{2}\gamma-\delta -\alpha_{2}\end{array})(\begin{array}{l}(A^{1/2}\tilde{\phi},A^{1/2}\varphi_{i})(A^{1/2}\tilde{\psi},A^{1/2}\varphi_{i})\end{array})+(\begin{array}{ll} 0\delta(f(\phi)- f(\phi_{h}^{*}),\varphi_{i})\end{array})$ $i=1,$ $\ldots,$ $n$
$=GW_{h}+(\epsilon_{1}(\tilde{\phi}), \ldots, \epsilon_{2n}(\tilde{\phi}))^{T}$ .
$G=(\begin{array}{ll}A BC D\end{array})$
$A=(A_{ij})_{i,j=1,\ldots,n}:=(-\gamma\delta^{-1}(\varphi_{i}, \varphi_{j}))_{i,j=1,\ldots.n},$ $B=(B_{ij})_{i,j=1,..,n}:=(\delta^{-1}(\varphi_{i}, \varphi_{j}))_{i,j=1,\ldots,n}$,
$C=(C_{ij})_{i,j=1,\ldots,n}:=((\alpha_{2}\gamma-\delta)(\nabla\varphi_{i}, \nabla\varphi_{j})$
$+(- \gamma^{2}\delta^{-1}+\alpha_{1}\gamma)(\varphi_{i}, \varphi j)+(P_{h}(\delta\sum_{k=1}^{n}Df(\phi_{h}^{*})_{ik}\varphi_{k}),$ $\varphi j))_{i,j=1,\ldots,n}$ ,
$D=(D_{ij})_{i,j=1,\ldots,n}:=((\gamma\delta^{-1}-\alpha_{1})(\varphi;, \varphi_{j})-\alpha_{2}(\nabla\varphi_{i}, \nabla\varphi_{j}))_{i,j=1,\ldots,n}$ ,
$W_{h}:=(\phi_{1}, \phi_{2}, \ldots, \phi_{n},\psi_{1)}\psi_{2}, \ldots, \psi_{n})^{1}.$ ,
$e( \overline{\phi}):=f(\phi)-f(\phi_{h}^{*})-\sum_{k=1}^{1}Df(\phi_{h}^{*})_{ik}\varphi_{k},$ $(\epsilon_{1}(\overline{\phi}), \ldots, \epsilon_{2n}(\tilde{\phi}))^{1}:=(0, \ldots, 0, (P\epsilon(\tilde{\phi}), \varphi_{1}), \ldots, (Pe(\tilde{\phi}), \varphi_{n}))$
$((\tilde{\phi}_{h,r^{\neg}i}()_{i=1,\ldots,n}, (\tau_{r^{1}h}^{\sim}, \varphi_{i})_{i=1,\ldots,n})^{T}$ $\iota i_{h}^{\gamma}=(\dot{\phi}_{1},\dot{\phi}_{2}, \ldots,\dot{\phi}_{n}, t_{\star 1}’,\dot{\psi}_{2,\ldots n}t_{r}’.)^{T},$ $\varphi_{i,j}=$
$(\varphi;, \varphi_{j})$ :
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$(\{_{\tilde{\psi}_{h}\varphi_{i})_{i=1,,n}}^{\tilde{\phi}_{h},,\varphi_{i})_{i=1,..\cdot.\cdot,n}})=(\begin{array}{llll}(\sum_{j=1}^{n}\dot{\phi}_{j}\varphi_{j},\varphi_{i})_{i=1} \cdots \cdots n(\sum_{j=1}^{n}\dot{\psi}_{j}\varphi_{j} \varphi_{i})_{i=1} \cdots n\end{array})$




$\dot{Y}_{h}=\Lambda_{h}Y_{h}+S\Phi^{-1}(\epsilon_{1}(\overline{\phi}), \ldots, \epsilon_{2n}(\overline{\phi}))^{1\prime}$ ,
$W_{h}=S^{-1}Y_{h}$ $\Lambda_{h}=$ diag $(\lambda_{1}, \ldots, \lambda_{2n})$ $\lambda_{i}$ (
[21] ) . $Y_{h}:=(y_{1}, \ldots, y_{2n})^{T}$
$\dot{y}_{i}=\lambda_{i}y_{i}+\tilde{\epsilon}_{i}(\tilde{y}),$ $i=1,$ $\ldots,$ $2n$ .
$S\Phi^{-1}(\epsilon_{1}(\tilde{\phi}), \ldots, \epsilon_{2n}(\tilde{\phi}))^{1}$ ’ $i$
$\tilde{\epsilon}_{i}(\tilde{y})$
$[\delta_{i}^{-}$ , $\delta$ (14)
$M$ ( ) $\dot{y}_{i}$ :
$\lambda_{i}(y_{i}+\frac{\delta_{i}^{-}}{\lambda_{i}})<\dot{y}_{i}<\lambda_{i}(y_{i}+\frac{\delta_{i}^{+}}{\lambda_{2}})$ .
$B_{1}= \prod_{k=1}^{2n}W_{k}$ $\lambda_{i}$
$\tilde{W}_{k}^{(m)};=[-\frac{\delta_{k}^{+}}{\lambda_{k}},$ $- \frac{\delta_{k}^{-}}{\lambda_{k}}]$ $(\lambda_{k}>0),$ $W_{k}^{(m)}:=-[- \frac{\delta_{k}^{-}}{\lambda_{k}},$ $- \frac{\delta_{k}^{+}}{\lambda_{k}}]$ $(\lambda_{k}<0)$ . (15)
$\delta$-inflation $m$ ( ) $\tilde{W}^{(m)}$
$\{[\phi_{h}^{*}, \psi_{h}^{*}]\}+SW\subset N_{1}^{(m)}$ $(N_{1}^{(m)}$ $\{[\phi_{h}^{*1^{\vee}}?l_{h}^{1^{*}}]\}+${ $(1+\delta)$ ’ }
$N_{1}$ ) .





$\{\begin{array}{ll}u_{tt}-0.5\triangle u_{t}-\triangle u=75(u-u^{3}) (t, x)\in[0, \infty)\cross\Omega u(t, \cdot)=0 on \partial\Omega\end{array}$ (16)
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$\{\begin{array}{l}u_{\ell t}-0.5\triangle u_{\ell}-\triangle u-5.0\nabla u=25(u-u^{3}) (t, J^{\cdot})\in[0, \infty)x\Omega u(t, \cdot)=0 on \partial\Omega\end{array}$ (17)
$\{\begin{array}{l}\tau\iota_{tt}+\triangle^{2}u_{t}+(0.0oe\Delta^{2}+\Delta)t!=25(u-v^{3}) (t, x)\in[0, \propto)\cross\Omega_{1}u(t, -1)=u(t, 1)=t1_{x}(t, -1)=u_{x}(t, 1)=0.\end{array}$ (18)
$\Omega=[0,1],$ $\Omega_{1}=[-1,1]$ (16)(17) $X_{h}$ 2
$H_{0}^{1}(\Omega)$ $S_{h}$ ([12] ) $X_{h}:=S_{h}\cross S_{h}$ (18)
$X_{h}$ 3 $H_{0}^{2}(\Omega)$ ([19] ) $S_{h,Her3}$
$X_{h}:=S_{h,Her3}\cross S_{h,Her3}$
6.1. 1 $h$
$\Vert u_{h}^{i}\Vert_{\infty}$ $\Vert P_{h}u_{*}-u_{h}\Vert_{\infty}^{up}$
$bound$ $1t1$
$N_{2}$ ball Index CR c
$CH_{\eta}(S)\cong\{\begin{array}{l}R t?=77?0 n\neq\}\eta\end{array}$
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